Objective To compare cord blood leptin concentrations between normal pregnancy, pregnancy induced hypertension (PIH), and gestational diabetes mellitus (GDM).
Introduction
Leptin, discovered in 1994, raised much optimism among biomedical researchers dedicated to devising a cure for obesity. It is secreted principally by white adipose tissue and regulates metabolic efficiency, energy expenditure and food intake [1] . Leptins' purported role as a metabolic signal in human reproduction was first identified in animal models and confirmed by extensive [2] [3] [4] [5] [6] . Secretion of leptin by other tissues, especially placental tissue, and its positive correlation with birth size indicated a role in the regulation of intrauterine growth [7] [8] [9] .
Others observed similar levels when cord blood leptin was normalised to the fat content in appropriate, small and large for gestational age babies, indicating that cord blood leptin reflects adiposity rather than being a regulator of fetal growth [10] . This is further supported by normal birth weight seen in congenital leptin deficiency [11] . Fetal endocrine functions, including leptin secretion, are adversely affected by pregnancy complications. PIH and GDM cause microvascular changes in the placenta contributing to placental hypoxia [12] [13] [14] . Placental hypoxia is known to augment leptin secretion [15] . Insulin is also a potent stimulator of both adipocyte and placental leptin synthesis [16] [17] [18] . Lower cord blood levels and higher placental and maternal blood levels of leptin have been reported in pre-eclampsia associated with intrauterine growth retardation compared to normal pregnancies [10] . Umbilical cord blood and placental levels but not maternal blood levels of leptin are increased in GDM [10] . Leptin is also implicated in fetal programming leading to metabolic disorders in later adult life [19] . However, there are hardly any studies on cord blood leptin levels from south Asia, where prevalence of metabolic disorders is increasing.
Materials and methods
Forty-eight newborns were recruited from the Castle Street Hospital for Women, Colombo, for this study. The study received approval of the Institution Review Board and written informed consent was obtained from the mothers. All newborns were without any apparent congenital or hereditary disorder. Their mothers were 21 to 35 years of age and in para 1 and 2. All the babies were born following singleton pregnancies at 36 to 40 weeks of gestation. Sixteen infants were delivered by women with PIH, 14 by women with GDM and the remaining 18 by women with normal uncomplicated pregnancies.
PIH was diagnosed when maternal blood pressure rose to 140/90 mm Hg or above for the first time after the Papers second trimester in the absence of proteinuria, with reversal of hypertension post-partum [20] . GDM was diagnosed when the 2-hour venous plasma glucose value was between 7.8 mmol/l (140 mg/dl) and 11.1 mmol/l (200 mg/dl) or exceeded 11.1 mmol/l (200 mg/dl) during a standard 75 g oral glucose tolerance test at 24-28 weeks of gestation [21] . Women with normal pregnancy were those not having any acute or chronic medical problems or obstetric complications. Twenty babies were delivered by spontaneous or assisted vaginal delivery and 28 by caesarean section.
A mixed cord blood sample was collected at the time of delivery and birth weight recorded. Head circumference and length were recorded within 24 hours of birth using a standard tape and a Shorr infantometer respectively. Serum was separated and stored at -20°C. Leptin concentrations were measured using a commercially available enzyme immunoassay (EIA 2395, DRG International, Mountainside, NJ, USA) with a sensitivity of 1 ng/mL. The assay was performed according to the manufacturer's recommendations.
Prism 2.01 software (GraphPad Prism, San Diego, California, USA) was used for statistical analysis. Leptin levels and newborn anthropometric indices between the three groups were compared using Kruskal-Wallis ANOVA with Dunn's post-test for multiple comparisons. Spearman's rank correlation test was used to identify correlations between leptin levels and anthropometric indices within each group.
Results
All the newborns were healthy. Their anthropometric indices are given in the table. Five in the PIH group and one each in the GDM and normal pregnancy groups had birth weights lower than 2500 g, but birth weight and other anthropometric indices were not significantly different between the three groups.
Cord blood leptin levels (geometric mean and upper 95% confidence limit) in the three groups are shown in figure 1 A. Cord blood leptin levels significantly differed between the 3 groups (Kruskal-Wallis ANOVA: P=0.0064). This difference resulted from higher levels in GDM than in PIH [geometric mean (95% CI) for GDM: 10.89 (6.30, 18.84) vs PIH: 3.49 (2.14, 5.69) ng/ml; Dunn's multiple comparison: P<0.01]. Cord blood leptin levels normalized to the ponderal index are shown in figure 1 B. The same pattern persisted, with higher levels in GDM than in PIH when leptin levels were normalized to the ponderal index (Kruskal-Wallis ANOVA P=0.0035; Dunn's multiple comparison: P<0.01). Though leptin levels before and after normalization to the ponderal index were lower in PIH and higher in GDM than in normal pregnancy, these differences were not statistically significant.
Cord blood leptin levels showed a significant positive correlation with the ponderal index in normal pregnancy (Spearman r=0.506, p<0.05), and with birth weight in PIH (Spearman r=0.5463, p<0.05). In GDM, cord blood leptin did not correlate with any of the neonatal anthropometric indices. 
Normal

Discussion
We have shown that cord blood leptin levels are significantly elevated in GDM even when normalised for fetal adiposity. These findings are consistent with previous reports of higher cord blood leptin levels in infants born to diabetic mothers, and in large for gestational age (LGA) babies [18] . None of the newborns in our study, even those born to women with GDM, can be categorised as LGA. Our inability to observe a statistically significant difference in cord blood leptin levels between PIH and normal pregnancy or between GDM and normal pregnancy may have been due to small sample size.
Leptin levels increase during pregnancy and return to pre-gravid levels after delivery [22] . The placenta is a major source of leptin in pregnant women. It has been estimated that about 95% of placental leptin enters the maternal circulation, and the remainder the fetal circulation [10] . Placental and adipocyte leptin synthesis is augmented by insulin [10, 16] . Furthermore, placental leptin synthesis is increased in GDM [17] . We measured leptin levels in mixed cord blood, and thus the levels should reflect fetal as well as placental synthesis. However, leptin levels remained higher in GDM even when normalised for fetal adiposity. This suggests that increased placental synthesis is the most likely source of higher leptin levels, but confirmation was not possible as we did not directly measure placental leptin levels.
Recent studies suggest that cord blood leptin correlates strongly with the ponderal index rather than with the birth weight [10] . We observed a positive correlation between cord blood leptin concentrations and ponderal index only in normal pregnancies, whereas leptin levels correlated with birth weight in PIH. In our sample the majority of birth weights were within the normal range (table 1) . However, the birth weight variation was greater in the PIH group than in the other two groups because the PIH group had the highest number of low birth weight babies. This may have resulted in the positive correlation seen between cord blood leptin and birth weight in PIH. Lack of correlation between cord blood leptin, and either the ponderal index or birth weight in GDM strengthens the view that a source other than fetal adipocytes contributes to higher leptin levels in GDM.
In conclusion, cord blood leptin concentrations in GDM pregnancies are high and appear to be determined by factors other than birth size, the placenta being the most likely contributor. 
